Background-Gastric mucosal surface hydrophobicity (GMSH) is an essential component of the mucosal defence system that is decreased by Helicobacter pylori and non-steroidal anti-inflammatory drugs (NSAIDs). Gastric ulcers occur predominantly in elderly subjects, and may thus reflect diminished mucosal resistance. Aims-To investigate whether aging decreases GMSH. Patients-One hundred and twenty patients without peptic ulcer disease were divided into three age groups: I (41 years or below); II (41-64 years); and III (65 years or above). Methods-Biopsy specimens were taken from the antrum, corpus, and cardia for histology (Sydney system), urease testing for H pylori, and for contact angle measurement of GMSH with a goniometer. The presence of specific H pylori antibodies was checked by immunoblotting. Results-Fifty two patients (43%) were infected, and 68 were uninfected with H pylori. GMSH at all biopsy sites was lower in H pylori infected subjects (p=0.0001), but also decreased with age independently of infection status (p=0.0001). The most notable decrease in GMSH occurred between age groups I and II in those with, and between age groups II and III in those without, H pylori infection. GMSH was greater in antral than in corpus mucosa in both infected (p=0.0001) and uninfected patients (p=0.0003). Conclusions-A physiological decrease in GMSH with aging may contribute to the risk of ulcer development in the elderly, and may act synergistically with H pylori and/or NSAIDs on gastric mucosal defence. (Gut 1998;43:465-469) 
The pathogenesis of peptic ulcer disease (PUD) is considered to be an imbalance of defensive and aggressive factors in the upper gastrointestinal tract. Helicobacter pylori is a key pathogenetic factor in peptic ulceration 1 as are non-steroidal anti-inflammatory drugs (NSAIDs) 2 ; each factor acts independently of the other. A substantial proportion of gastric ulcer patients may, however, both have H pylori gastritis and use NSAIDs. 3 While gastric acid output may be modified by H pylori gastritis towards either hypersecretion or hyposecretion, 4 5 it is not altered by NSAIDs. Like H pylori gastritis the latter compromise the "defence line" of the gastric mucosa. The specific hydrophobic property of the gastric mucosa is an essential component of the mucosal barrier and is due to an adsorbed layer of surface active phospholipids (SAPL) 6 secreted by gastric mucous cells. 7 Gastric mucosal surface hydrophobicity (GMSH) can be measured reliably and quite simply as the contact angle at which a drop of saline intersects the surface of the gastric mucosa. 8 This technique has been applied to endoscopic biopsy specimens of gastric mucosa, 9 and it has been shown that both H pylori gastritis 10 and NSAIDs 11 decrease GMSH. While H pylori infection is acquired in childhood in most individuals so aVected, 12 13 gastric ulcer is a disease of the middle aged and the elderly. [14] [15] [16] In patients on NSAID medication the risk of gastric ulcer complications is also clearly increased in the elderly. 17 18 This investigation therefore addressed the question whether, apart from H pylori infection, aging itself decreases GMSH, and whether diVerences in GMSH occur in antral, corpus, and cardiac mucosa.
Materials and methods

PATIENT SELECTION
During the eight month period between October 1995 and May 1996, 135 patients undergoing elective upper gastrointestinal endoscopy at our department were recruited. All underwent a standardised interview to check inclusion criteria, and gave their informed consent to the extended biopsy protocol, which was approved by the local hospital ethics committee. Patients with a history of PUD, gastric surgery, malignancy, coagulation disorders, or medication with NSAIDs, corticosteroids, antibiotics, bismuth, histamine H 2 receptor antagonists, or proton pump inhibitors (PPI) during the month preceding endoscopy were excluded, as were those previously examined for H pylori status. We also excluded all smokers, regular drinkers, and patients with severe diseases outside the upper gastrointestinal tract. Four months into the study a provisional analysis of the age distribution of the patients participating showed a preponderance of middle aged subjects; from then only younger or older patients were admitted.
ENDOSCOPY
Endoscopy was performed after an overnight fast. If no significant lesions (ulcers, malignant disease, varices, Barrett's oesophagus) were found (up to three chronic erosions were accepted) patients were included. Closely grouped mucosal biopsy specimens were obtained from each gastric compartment with standard forceps: four specimens from the antrum (2 cm from the pylorus), four from the corpus (mid region of the greater curvature), and three from the cardia directly below the squamocolumnar junction. After endoscopy a blood sample was obtained.
GASTRIC MUCOSAL SURFACE HYDROPHOBICITY
The measurement was performed as previously described and validated. 9 In brief, an unfixed biopsy specimen from each site was rinsed with 0.9% saline, oriented mucosa upwards on a glass slide under a dissecting microscope, and placed on the specimen stage of the goniometer (Rame-Hart 100-00, Mountain Lakes, New York). After 30 minutes air drying, a 0.5 µl drop of 0.9% saline was applied to the mucosal surface and the plateau contact angle at the liquid/solid interface as an index of GMSH was read on the left and right side of the droplet. Three droplets were thus applied to give six measurements on each specimen, and the mean value was calculated. A measurement was judged to be unreliable if variations of more than 5°were found on a biopsy specimen, and the patient was then excluded. The investigator performing the measurements (UP) was unaware of the patient's age.
HISTOLOGY
After fixation in 4% neutral formalin, 4 µm sections from two biopsy specimens obtained from each gastric compartment were prepared by routine methods and stained with modified Giemsa to detect H pylori and grade the bacterial density, and with haematoxylin and eosin to grade the the degree and activity of gastritis. A four point scale (0-3) was used for all gradings in accordance with the updated Sydney system. 19 
ASSESSMENT OF H PYLORI INFECTION
We additionally used a previously validated 20 rapid urease test (HUT-test, Astra GmbH, Wedel, Germany) for the enzymatic detection of H pylori in one antral and one corpus biopsy specimen. We also used a previously validated 21 commercially available western blot test (Helico-Blot 2.0, Genelabs, Singapore) to detect antibodies to CagA, VacA, and four further specific H pylori proteins in all patients. H pylori infection was assessed if active gastritis with bacteria of typical shape was shown by histology and/or the rapid urease test read positive. Patients in whom serological but no biopsy based evidence of H pylori infection was found were excluded from the evaluation.
STATISTICAL ANALYSIS
Variables associated with GMSH were assessed by analysis of variance (ANOVA), t test, and U test and Spearman's correlations using the SPSS package. Significance was considered at a 5% probability level.
Results
In eight of 135 patients enrolled the contact angle measurements were considered unreliable on the criteria described earlier. In most of these cases the biopsy specimens had an irregular surface and the patients were excluded. A further seven patients with uncertain H pylori status were also excluded. A total of 120 patients (65 females (54%)) with a mean age of 52.2 (19.7) years (range 16-85) were finally evaluated. Fifty two patients (43%) were infected with H pylori and were significantly older (mean age 59.4 (17.5) years, p<0.0001) than the 68 uninfected patients (mean age 46.7 (19.6) years).
Multivariate ANOVA revealed that two principal factors were independently associated with GMSH at all biopsy sites: H pylori status (p<0.0001) and age (p<0.0001). Figure 1 shows the mean GMSH values of the whole sample measured at the three biopsy sites and subgrouped by H pylori status. H pylori infection was associated with a significantly decreased GMSH at the three gastric sites. There was no diVerence in GMSH between male and female subjects in any group (data not given). Small but significant diVerences were found between the biopsy sites, the contact angles in the antrum being significantly higher than in the corpus or cardia, both in patients with and without H pylori infection.
Significant diVerences are as follows. At all sites: H pylori negative greater than H pylori positive (all p<0.0001). Infected patients: antrum greater than corpus (p=0.0001), antrum greater than cardia (p=0.0362), cardia greater than corpus (p=0.0041). Uninfected patients: antrum greater than corpus (p=0.0003), antrum greater than cardia (p=0.0017).
To evaluate the age dependency of GMSH, three groups of equal size (n=40) were formed to reflect the age distribution in the entire study population: group I (41 years or below); II (41-64 years); and III (65 years or above). On account of the well known age cohort eVect the percentage of H pylori infected patients increased through the groups, from 22.5% to 42.5% to 65%, respectively. Figure 2 shows the mean GMSH contact angles measured at the three biopsy sites subgrouped by age (groups I-III) for patients without (fig 2A) and those with H pylori infection ( fig 2B) . On comparison of H pylori patients in age groups I and II, a significant decrease in GMSH was seen in the antrum only, while the decrease noted in corpus and cardiac mucosa almost reached the level of significance. In uninfected patients, however, no eVect was shown. Comparison of age groups II and III, in contrast, showed a significant decrease in contact angles in antral, corpus, and cardiac mucosa only in the absence of H pylori while only a minor decrease is seen in H pylori patients. Comparison of the age groups I and III clearly showed the eVect of aging both in patients with and without H pylori gastritis (table 1): significant decreases in mean GMSH values were found in antral, corpus, and cardiac mucosa. Figure 4 also illustrates this finding and shows the age dependent decrease in GMSH values measured in antral biopsy specimens from our overall study population subgrouped by H pylori status. As shown in fig 3 and by the SD values in fig 2, there were a few outliers with exceptionally low contact angles, especially among younger uninfected subjects. As all patients had undergone an interview to exclude the existence of factors known to influence hydrophobicity, we must ascribe this variation to unknown endogenous factors.
Histology in uninfected patients revealed no or only mild chronic inflammation (data not given). The mean scores of the H pylori infected patients (table 2) revealed histological diVerences between the gastric sites with higher bacterial density and more notable chronic inflammation in antral compared with corpus or cardiac mucosa. Comparison of the histological scores in age groups I, II, and III revealed a slight, though insignificant (p<0.1), increase with age in bacterial density and active gastritis only in the corpus (detailed data not given). On evaluating all 52 H pylori infected patients together, no significant association between GMSH and any of the histological variables was shown. On evaluating the age groups separately, however, group II showed a significant inverse relation between antral GMSH and the antral density of H pylori (r=−0.545, p=0.024). No such correlations between GMSH and histology existed in corpus or cardiac mucosa. Analysis of the data revealed no outlying GMSH values associated with mucosal atrophy and/or intestinal metaplasia, neither of which was commonly seen in our sample (data not given). Of 52 infected patients, 30 (57.7%) were seropositive for CagA and 21 (40.4%) were seropositive for VacA by immunoblotting. However, neither marker of bacterial virulence showed any significant association with GMSH regardless of biopsy site (data not given).
Discussion
This study confirms earlier reports of reduced GMSH in H pylori infected patients. 10 22 It has recently been reported 23 that GMSH in antral Results are expressed as mean (SD, 95% confidence interval). Age (years) Hydrophobicity (antrum) 30 20 10 H pylori positive H pylori negative biopsy specimens of infected patients was inversely related to the bacterial density in antral histology; in our sample this association was confirmed only in middle aged subjects. In addition we have established for the first time that in humans GMSH decreases with age independently of H pylori status, the eVect being seen equally in infected and uninfected individuals. Aging may therefore be added to H pylori positive gastritis and NSAID medication as a factor impacting on gastric mucosal resistance. Our data show that this decrease in GMSH occurs at a younger age in H pylori infected as compared with uninfected patients (figs 2 and 3) . The most notable decrease in GMSH was seen between younger and middle aged H pylori positive patients and apparently slowed above the age of 65, while the histological severity of gastritis remained largely unchanged. In uninfected patients, however, the decrease was only seen in the elderly. It therefore seems possible that H pylori infection aggravates and antedates a physiological impairment of mucosal resistance. It has been shown in rabbits that GMSH is subject to maturation changes. In rabbit corpus mucosa the mean contact angle in suckling animals (76.4°) increases after weaning (84.2°) but decreases sharply in adult animals (36.1°). 24 According to the commonly accepted model proposed by Lichtenberger et al, GMSH is determined by a mucous gel layer of adsorbed surface active phospholipids (SAPL). 6 A phospholipid rich zone in the apical region of surface mucous cells has been shown ultrastructurally in endoscopic gastric biopsy specimens, 25 and these phospholipids are a secretory component of gastric mucous cells. 7 A topical enhancement of hydrophobicity by oral SAPL, either in the form of a liposomal suspension or in milk has been shown in animal studies. 6 26-28 Thus an examination of GMSH in relation to dietary habits (consumption of dairy products) might be worthwhile. As all the patients in this study were investigated after an overnight fast, however, it is possible that acute nutritional influences could account for the variation of GMSH found in our sample.
Figure 2 (A) Mean contact angles (SD) at the three biopsy sites in patients without H pylori infection as a function of age. Group I (n=31), Group II (n=23), Group III (n=14). (B) Mean contact angles (SD) at the three biopsy sites in patients with H pylori infection as a function of age. Group I (n=9), Group II (n=17), Group III (n=26).
Several studies on cultured gastric mucous cells have shown that prostaglandins (PGE 2 ) stimulate the synthesis of SAPL. 29 30 In the rat and canine gastric mucosa PGE 2 has been shown to increase hydrophobicity and reverse the hydrophobicity reduced by aspirin. [31] [32] [33] Several studies have investigated the eVect of aging on gastric mucosal prostaglandin concentrations. An earlier study investigated the synthesis and catabolism of mucosal PGE 2 in patients with gastritis and peptic ulcer, and found no clear correlation with age. 34 More recently, two groups have reported a significant decrease in gastric mucosal prostaglandin content in the elderly. 35 36 One of these studies 36 investigated asymptomatic patients with no history of PUD or NSAID usage and took the H pylori status into account. Significantly decreased concentrations of PGE 2 and PGF 2 were found in the elderly compared with younger patients. The mean PGE 2 levels were higher in antral than in fundic mucosa, but this finding was not reported to be significant. Two studies investigating rat gastric mucosa found that mucosal prostaglandin synthesis decreased with age. 37 38 A further mechanism relating to the age dependent decrease in GMSH might be the observation of a reduction in the number of epithelial cells in aged rats 39 and of mucous cells in the gastric mucosa of elderly patients. 40 However, these morphological changes may well be linked to a decrease in gastric mucosal prostaglandin concentrations in the elderly. 41 In conclusion, the decreasing prostaglandin concentrations in the gastric mucosa of the elderly would seem to be a plausible explanation for the age dependent decrease in GMSH found in the present study.
This study shows that H pylori gastritis weakens the mucosal defence in the cardia region, as also occurs in the corpus and antrum. 42 In many infected patients, however, the bacterial density was higher and the mucosal inflammation more notable in the antrum than in corpus or cardia. This might explain in part, why in H pylori positive patients the decline in GMSH with age was less pronounced in corpus than in antral mucosa. Furthermore, GMSH was higher in antral than in corpus mucosa in both H pylori infected and uninfected patients. Such diVerences were not observed in the first study using endoscopic biopsy specimens of human gastric mucosa, 9 but antral was found to be higher than corpus GMSH in both the pig 43 and the rabbit. 24 Although our data cannot shed much light on these diVerences we suspect that they might in part be physiological. The diVering amounts of mucus secreting versus specific (parietal and chief) cells in the antral and oxyntic mucosa 44 might be a possible explanation. In summary, aging reduces gastric mucosal surface hydrophobicity. This may act synergistically with the injurious eVects of H pylori gastritis and such exogenous compounds as NSAIDs on gastric mucosal defence and contribute to the higher risk for gastric ulcer development in the elderly. The hypothesis that gastric ulcer formation is more likely when gastric mucosal hydrophobicity falls short of a threshold level needs to be investigated further.
